EP 0 887 443 A1

Européisches Patentamt
European Patent Office

(19) p)

Office européen des brevets

(11) EP 0887 443 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
30.12.1998 Bulletin 1998/53

(21) Application number: 98304588.1

(22) Date of filing: 10.06.1998

(51) Intcle: C30B 15/36, C30B 15/30,

C30B 15/32, C30B 29/06

(84) Designated Contracting States:
ATBECHCYDEDKESFIFRGBGRIEITLILU
MC NL PT SE
Designated Extension States:
AL LT LV MK RO SI

(30) Priority: 23.06.1997 JP 181720/97
(71) Applicant: SHIN-ETSU HANDOTAI COMPANY

LIMITED
Chiyoda-ku Tokyo (JP)

(72) Inventor: Eiichi, Lino,

c/o Shin-Etsu Handotai Company Ltd.
Annaka-shi, Gunma-ken (JP)

(74) Representative: Cooper, John et al

Murgitroyd & Company,
Chartered Patent Agents,
373 Scotland Street
Glasgow G5 8QA (GB)

(54) Method of manufacturing a silicon monocrystal, and method of holding the same

(57)  There is disclosed a method of manufacturing
a silicon monocrystal in accordance with the Czochral-
skimethod in which a seed crystal is brought into contact
with silicon melt and is then slowly pulled while being
rotated in order to grow a silicon monocrystalline ingot
below the seed crystal. In the method, there is used a
seed crystal whose a tip end to be brought into contact
with the silicon melt has a sharp-pointed shape oratrun-
cation thereof. The tip end of the seed crystal is gently
brought into contact with the silicon melt, and the seed

crystal is then lowered at a low speed in order to melt
the tip end portion of the seed crystal until the thickness
of the tip portion increases to a desired value. Subse-
quently, the seed crystal is pulled slowly in order to grow
a silicon monocrystalline ingot having a desired diame-
ter without performance of a necking operation. During
the growth of the silicon monocrystalline ingot, a part of
the crystal is mechanically held. The method completely
prevents falling of a monocrystalline ingot being grown
which would otherwise occur due to the increased di-
ameter and weight of the ingot.
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Description
BACKGROUND OF THE INVENTION
Field of the Invention:

The present invention relates to a method of man-
ufacturing a silicon monocrystal in accordance with a
Czochralski (CZ) method in which there are combined
a technique of growing a silicon monocrystal without
performance of a so-called necking operation and a
technique of mechanically holding a part of the crystal
during growth thereof.

Description of the Related Art:

The Czochralski method has been known as a
method of manufacturing a semiconductor material
such as silicon. As shown in FIG. 3A, according to this
method, a seed crystal 52 held by a seed crystal holder
51 is brought into contact with the surface of material
melt 54 contained in a crucible 53. The seed crystal 52
is then pulled while being rotated. At this time, the pulling
rate and the temperature are controlled such that a neck
55 is formed below the seed crystal 52. This operation
is called necking. Subsequently, there is formed a body
56 which is a monocrystal having a large diameter.

The formation of the neck 55 permits elimination of
dislocations from the body 56 of the monocrystal formed
below the neck 55. In recent years the weight of crystals
has increased due to an increase in the diameter of
monocrystals and an improvement of manufacturing ef-
ficiency, and, pulling of crystals having a weight of even
100 kg or more is now performed. In such a case, the
strength of the seed crystal 52 and the neck 55 tends to
become insufficient. If the crystal that is being grown
falls as a result of fracture of the neck during the course
of the pulling of the crystal, a serious accident may oc-
cur. In order to prevent such an accident, as shown in
FIG. 3B, there has been adopted a method and appa-
ratus which enable mechanical holding of a part of the
crystal during growth of the crystal.

Inthis apparatus, a stepped engagement portion 57
consisting of an increased-diameter portion and a re-
duced-diameter portion is formed between the neck 55
and the straight body portion 56, and the crystal is pulled
while crystal holding jigs 58, 58 hold the stepped en-
gagement portion 57. Examples of such a technique are
described in, e.g., Japanese Patent Application Laid-
open (kokai) Nos. 62-288191, 63-252991, 3-285893,
and 3-295893. For instance, in the apparatus disclosed
in Japanese Patent Application Laid-open No.
3-285893, a stepped engagement portion is formed
while a seed crystal is pulled, and when the stepped en-
gagement portion reaches a position corresponding to
gripping levers disposed at a predetermined height, the
gripping levers grip and pull the stepped engagement
portion.
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Further, in orderto solve the problems, the applicant
of the present invention has successfully developed a
method of manufacturing a silicon monocrystal, which
method can make a growing crystal monocrystalline
without performance of necking operation for forming a
neck, which would cause a problem in terms of strength,
thereby enabling a heavy silicon monocrystal having a
large diameter and length to be pulled quite simply while
eliminating the necessity of using a complicated appa-
ratus such as a crystal holding mechanism. The appli-
cant of the present invention has also developed a seed
crystal used in the method (Japanese Patent Applica-
tion No. 9-17687).

In this method, there is used as a seed crystal a
crystal whose tip end portion to be brought into contact
with silicon melt has a sharp-pointed shape or a trunca-
tion thereof, as shown in FIGS. 2A to 2D. More specifi-
cally, the tip end portion of the seed crystal has a tapered
shape whose diameter decreases toward the tip end,
such as a circular conical shape 7 or a pyramidal shape
8.

A silicon monocrystalline ingot can be grown with-
out formation of a neck, if such a seed crystal is used
and pulling operation is performed in such a manner that
after the tip end of the seed crystal is gently brought into
contact with the silicon melt, the seed crystal is lowered
at a slow speed in order to melt the tip end portion of the
seed crystal until the thickness of the tip portion increas-
estoadesiredvalue; and subsequently, the seed crystal
is pulled slowly in order to grow a silicon monocrystalline
ingot having a desired diameter without performance of
a necking operation.

Since the above-described method does not in-
clude a necking operation, the method can completely
solve the problems about fall of the crystal in relation to
formation of a neck. Therefore, the above-described
method is considerably excellent.

Meanwhile, the above-mentioned method of me-
chanically holding a part of a crystal being grown has
the problem that the part of the crystal cannot be held
mechanically until the crystal is grown to a certain de-
gree or length, but in order to prevent fall of the crystal
as a result of fracture of the neck, the crystal must be
held as early as possible before the crystal is grown to
become too heavy.

In order to satisfy the above requirement, the crystal
may be held immediately after the engagement stepped
portion of the crystal to be held is formed during the
growth of the crystal. However, in this case, the crystal
must be held right above the material melt, so that a
holding device is directly exposed to the high-tempera-
ture material melt (the melting temperature of silicon is
1400°C or higher), thereby resulting in faulty operations
or alteration of the quality of the material of the holding
device. Further, the material melt may be contaminated
by impurities.

If the crystal being grown is subjected to mechanical
stress while remaining at elevated temperature, plastic
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deformation may arise in the crystal, which in turn would
cause slip dislocation in the crystal being grown. If such
slip dislocation is generated in the crystal being grown,
the mechanical strength of the portion of the crystal
where the slip dislocation is generated decreases,
thereby imposing a risk of fracture for that portion when
the crystal has grown to become heavy.

Further, if the crystal is grown to be equal to or great-
er than a certain weight, the seed crystal or the neck
may not bear the weight and hence may fracture. For
this reason, itis necessary to grow the crystal to a weight
less than the critical weight of the crystal being grown
or to mechanically hold the crystal before the weight of
the crystal has reached the critical weight.

In growth of a recent large-diameter crystal of, for
example, 8 inches or more, the weight of the crystal
reaches the critical weight after the crystal is grown to
only a slight length. Especially, for the case of crystals
having a diameter of 12 to 16 inches which have recently
been developed, 1 cm growth of a crystal causes an in-
crease in weight of 1.6 kg to 3 kg. An amount of weight
of a crystal ingot becomes 200 - 300 kg. Therefore, the
crystal being grown must be mechanically held as early
as possible. In contrast, during the growth of a crystal
having a large diameter, a high-temperature region in-
evitably extends over a wide area of the crystal. There-
fore, before the crystal is grown to a certain extent, the
temperature of the portion of the crystal to be held does
not decrease to a temperature at which plastic deforma-
tion does not occur.

Also, in the method in which a part of a crystal is
mechanically held, a stepped engagement portion must
be formed, resulting in lowered productivity and de-
creased yield. In addition, forming the stepped engage-
ment portion into a desired shape is difficult, and the
formed engagement portion does not necessarily have
a shape that can be held.

On the other hand, the CZ method without perform-
ance of a necking operation does not cause the above-
mentioned problems and therefore can completely
solve various problems in relation to formation of the
stepped engagement portion.

In recent years, the diameter of monocrystals has
been increased due to increased degree of integration
of devices, and thus the weight of a crystal to be pulled
has increased more than expected. Because of this
trend, in addition to a problem in relation to formation of
a neck through a necking operation, there have arisen
problems of fracture of a seed crystal at a portion where
the seed crystal is held by a seed crystal holder, break-
age of the seed crystal holder itself, breakage of wire,
and the like.

SUMMARY OF THE INVENTION
The present invention has been conceived in view

of the foregoing drawbacks in the prior art. An object of
the present invention is to provide a method of manu-
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facturing a silicon monocrystalline ingot in accordance
with the CZ method, which method completely elimi-
nates a fear of fall of the monocrystalline ingot during
growth thereof, which would otherwise occur due to the
increased diameter and weight of the ingot.

To achieve the foregoing objects, the invention pro-
vides an improved method of manufacturing a silicon
monocrystal in accordance with the Czochralski method
in which a seed crystal is brought into contact with silicon
melt and is then slowly pulled while being rotated in or-
der to grow a silicon monocrystalline ingot below the
seed crystal. In the method, there is used a seed crystal
whose tip end to be brought into contact with the silicon
melt has a sharp-pointed shape or a truncation thereof.
The tip end of the seed crystal is brought into contact
with the silicon melt, and the seed crystal is lowered at
a slow speed in order to melt the tip end portion of the
seed crystal until the thickness of the tip portion increas-
es to a desired value. Subsequently, the seed crystal is
pulled upwardly slowly in order to grow a silicon monoc-
rystalline ingot having a desired diameter without per-
formance of a necking operation. During the growth of
the silicon monocrystalline ingot, a part of the crystal is
mechanically held.

Since a technique of manufacturing a silicon
monocrystal without performance of a necking opera-
tion is combined with a technique of mechanically hold-
ing a part of the crystal being grown in order to pull the
crystal, the disadvantages of the two techniques are
canceled out while the advantages thereof are exerted.
As a result, there can be completely solved the problem
of crystal fall which would otherwise occur due to the
increased weight of the monocrystalline ingot.

That is, since a necking operation is not performed,
the problem in relation to strength of a neck is solved,
and the crystal is not required to be mechanically held
in the early stage of the growth of the crystal. In addition,
various problems such as fracture of a seed crystal at a
portion where the seed crystal is held by a seed crystal
holder, breakage of the seed crystal holder itself, and
breakage of a wire can be solved if the crystal being
grown is mechanically held after the crystal is grown to
such a length that the temperature of the portion of the
crystal to be held has decreased sufficiently.

Preferably, mechanical holding of the part of the
crystal is performed though holding a tapered tip end
portion of the seed crystal having a sharp-pointed shape
or a truncation thereof.

In this case, since the tapered tip end portion of the
seed crystal having a sharp-pointed shape or a trunca-
tion thereof can be mechanically held, a stepped en-
gagement portion does not have to be formed, so that
the pulling operation can be made considerably simple.
Further, since the tapered tip end portion is accurately
formed into a desired shape in advance, the monocrys-
tal can be held reliably.

The present invention also provides an improved
method of mechanically holding a part of a monocrystal
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during growth of a silicon monocrystal in accordance
with the Czochralski method in which a seed crystal is
brought into contact with silicon melt and is then slowly
pulled while being rotated in order to grow a silicon
monocrystalline ingot below the seed crystal. In the
crystal holding method, there is used a seed crystal
whose tip end to be brought into contact with the silicon
melt has a sharp-pointed shape or a truncation thereof.
The tip end of the seed crystal is brought into contact
with the silicon melt, and the seed crystal is lowered at
a slow speed in order to melt the tip end portion of the
seed crystal until the thickness of the tip portion increas-
es to a desired value. Subsequently, the seed crystal is
pulled upwardly slowly in order to grow a silicon monoc-
rystalline ingot having a desired diameter. During the
growth of the monocrystalline ingot, a tapered tip end
portion of the seed crystal having a sharp-pointed shape
or a truncation thereof is mechanically held.

In the method of holding a crystal of the present in-
vention, a crystal being grown is mechanically held in a
simple and reliable manner. Therefore, the method is
useful in holding and pulling a heavy monocrystal re-
gardless of whether the pulling operation is performed
with or without performance of a necking operation.

As mentioned above, in the present invention, since
the technique of manufacturing a silicon monocrystal in
accordance with the CZ method without performance of
a necking operation is combined with the technique of
mechanically holding a part of the crystal in order to pull
the crystal, there can be eliminated the danger of fall of
a monocrystalline ingot being grown, which would oth-
erwise occur due to the increased diameter and weight
of the ingot to be manufactured.

That is, since a necking operation is not performed,
the present invention thoroughly solves the problem in
relation to formation of a neck. Further, through mechan-
ical holding of a crystal, the present invention solves var-
ious other problems:; i.e. fracture of a seed crystal at a
portion where the seed crystal is held by a seed crystal
holder, breakage of the seed crystal holder itself, break-
age of a wire, and the like.

Also, since the crystal is held at a portion having a
sufficiently decreased temperature, there do not occur
plastic deformation of a crystal ingot, slip dislocation,
and malfunction of a crystal holding jig, which would oth-
erwise occur due to high temperatures. Moreover, since
a stepped engagement portion does not have to be
formed, a crystal ingot being grown is held simply and
reliably.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A - 1E are explanatory views showing a
method according to the present invention in the se-
quence of the steps of the method;

FIGS. 2A - 2D are perspective views of seed crys-
tals used in the present invention, wherein FIG. 2A
shows a cylindrical columnar seed crystal having a
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conical tip end,

FIG. 2B shows a rectangular columnar seed crystal
having a pyramidal tip end, FIG. 2C shows a seed
crystal having a horizontally truncated conical tip
end, and FIG. 2D shows a seed crystal having an
obliquely truncated conical tip end; and

FIGS. 3A and 3B are explanatory views showing a
conventional Czochralski method and a conventional
method of holding a crystal, respectively.

DESCRIPTION OF THE INVENTION AND
EMBODIMENT

The present invention and embodiments thereof will
now be described. However, the invention is not limited
thereto.

First, will briefly be described a method of manufac-
turing a silicon monocrystal in accordance with the Czo-
chralski method without performance of a necking op-
eration.

In the manufacturing method of the present inven-
tion, there is used a seed crystal whose tip end to be
brought into contact with the silicon melt has a sharp-
pointed shape or a truncation thereof. The tip end of the
seed crystal is gently brought into contact with the silicon
melt, and the seed crystal is then lowered at a slow
speed in order to melt the tip end portion of the seed
crystal until the thickness of the tip portion increases to
adesired value. Subsequently, the seed crystal is pulled
upwardly slowly in order to grow a silicon monocrystal-
line ingot having a desired diameter without perform-
ance of a necking operation.

In this method, even when a seed crystal is brought
into contact with silicon melt and is melted from a state
in which it is separated from the silicon melt, thermal
shock does not act on the seed crystal upon contact with
the silicon melt, due to a small area and a small heat
capacity of the portion to first come into contact with the
silicon melt. Further, since the contact area increases
gradually due to a subsequent slow lowering of the seed
crystal, no steep temperature gradient is formed within
the seed crystal during the melting.

Accordingly, when a silicon monocrystalline ingot is
manufactured in accordance with the CZ method, the
silicon monocrystalline ingot can be grown without per-
formance of a necking operation, so long as a seed crys-
tal having a sharp-pointed tip or a truncation thereof, ei-
ther of which has a small contact area, is used, and so
long as the pulling operation is performed such that the
tip end of the seed crystal is gently brought into contact
with the silicon melt: and the seed crystal is lowered
slowly such that the tip end of the seed crystal is melted
to have a desired diameter that can sustain the final
weight of a heavy monocystalline ingot and the seed
crystal is then pulled upwardly slowly in order to grow
the monocrystalline ingot to a desired diameter.

In the above-mentioned CZ method without per-
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formance of a necking operation, the tip end of a seed
crystal must be formed into a sharp-pointed shape or a
truncation thereof, as shown in FIGS. 2A - 2D. If the
seed crystal has such a shape, the tip end of the seed
crystal has a reduced initial contact area and a reduced
heat capacity, so that even when the tip end of the seed
crystal comes into contact with silicon melt, thermal
shock or a steep temperature gradient is not generated
within the seed crystal, and therefore no slip dislocation
is generated.

When the seed crystal is then lowered slowly and
the tip end of the seed crystal is melted to have a desired
diameter, the contact area between the immersed por-
tion of the seed crystal and the melt gradually increases.
Thus, the seed crystal can be melted without generation
of a steep temperature gradient, so that no slip disloca-
tion is generated within the seed crystal during the melt-
ing operation.

Since the above-mentioned CZ method without per-
formance of a necking operation does not employ a neck
portion, the problem in relation to strength of this portion
is thoroughly solved. However, when a heavy monoc-
rystal is pulled, in addition to the problem in relation to
the strength of a neck, there may arise problems of frac-
ture of a seed crystal at a portion where the seed crystal
is held by a seed crystal holder, breakage of the seed
crystal holder itself, breakage of a wire, and the like. In
order to solve these problems, in the present invention,
a monocrystal is mechanically held during growth there-
of.

Next, the method of the present invention will spe-
cifically be described with reference to the drawings.

FIGS. 1A - 1E are explanatory views showing the
method of the present invention in the sequence of the
steps of the method.

First, as shown in FIG. 1A, a seed crystal 3 having
a sharp-pointed tip end to be brought into contact with
silicon melt 2 is attached to a seed crystal holder 1 sup-
ported by means ofa wire 4. The wire 4 is then lowered
and stopped for a while at a position immediately above
the silicon melt 2 in order to increase the temperature
of the seed crystal 3.

Next, the wire 4 is slowly lowered so that the sharp-
pointed tip end of the seed crystal 3 is gently brought
into contact with the silicon melt 2. Further, the seed
crystal 3 is lowered at slow speed, and is melted until
the tip end thereof has a desired thickness which ena-
bles pulling of a heavy monocrystal.

After the tip end of the seed crystal 3 has been melt-
ed to have the desired thickness, the seed crystal 3 is
slowly pulled, without performance of a necking opera-
tion, in order to increase the diameter of the crystal to a
desired value. Subsequently, the straight body portion
5 of the crystal is formed to grow a silicone monocrys-
talline ingot (FIG. 1B).

The growth of the straight body portion 5 of the
monocrystal is continued until a tapered portion 6 of the
seed crystal 3 has reached a height corresponding to
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that of the tip ends (lower ends) of a crystal holding jig
9 (FIG. 1C).

In this case, prior to the holding, the crystal holding
jig 9 is situated at a height where temperature is suffi-
ciently low in order to prevent malfunction of the jig and
degradation of its members due to high temperature, as
well as to prevent occurrence of plastic deformation or
slip dislocation which would otherwise occur due to
stress applied to the crystal.

If the monocrystalline ingot being grown has a large
diameter, the ingot already has a relatively large weight
at this stage. However, since a necking operation is not
performed, there is no fear that the neck fractures as in
the conventional method. At this stage, the crystal does
not grow so heavy as to cause concerns about fracture
of the contact portion between the seed crystal 3 and
the seed crystal holder 1, breakage of the seed crystal
holder 1, breakage of the wire 4, and the like.

When the tapered portion 6 of the seed crystal 3
reaches a predetermined position, the tapered portion
6 of the seed crystal 3 is mechanically held from both
sides by means of the crystal holding jig 9 (FIG. 1D).
After completion of mechanical holding of the monoc-
rystalline ingot, the crystal holding jig 9 is slowly pulled
upwardly in such a manner that the weight of the ingot
acts on the jig. Subsequently, the pulling of the jig is con-
tinued in order to continue the growth of the monocrys-
tal.

As the growth of the monocrystal is continued, the
weight of the monocrystalline ingot increases further. In
this stage, the weight of the crystal ingot acts on the
crystal holding jig 9 through the tapered portion of the
seed crystal 3. In other words, unlike in the case of the
conventional method, no great weight acts on the con-
tact portion between the seed crystal 3 and the seed
crystal holder 1, the seed crystal holder 1, or the wire 4,
resulting in no fracture or breakage thereof.

The present invention is not limited to the above-
described embodiment. The above-described embodi-
ment is a mere example, and those having the substan-
tially same structure as that described in the appended
claims and providing the similar action and effects are
included in the scope of the present invention.

For example, the present invention can be applied
not only to the ordinary CZ method but also to the MCZ
method (Magnetic field applied Czochralski crystal
growth method) in which a magnetic field is applied to
silicon melt when a silicon monocrystal is pulled. There-
fore, the term " Czochralski method" or "CZ method" en-
compasses not only the ordinary CZ method but also
the MCZ method.

Also, the crystal holding jig is not limited to the
above-mentioned jig. Therefore, no particular limitation
is imposed on the jig's shape, mechanism, and method
of holding, so long as the jig mechanically holds a part
of a crystal.

In the above-described embodiment, a description
is provided while focusing on the case where the jig
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holds the tapered portion of a seed crystal. However,
holding the tapered portion of a seed crystal is not an
essential requirement of the present invention, and if
needed a stepped engagement portion which is formed
in advance may be held. Alternatively, the straight body
portion of a monocrystalline ingot may be held.

Also, inthe present invention, the term "tapered por-
tion of a seed crystal" shall not be strictly construed to
mean a portion whose diameter decreases towards the
tip end of a seed crystal. The term "tapered portion" en-
compasses any portion whose thickness decreases to-
wards the lower tip end of a seed crystal and which has
a shape that can be held by means of the crystal holding

jig.

Claims

1. A method of manufacturing a silicon monocrystal in
accordance with the Czochralski method in which a
seed crystal is brought into contact with silicon melt
and is then slowly pulled while being rotated in order
to grow a silicon monocrystalline ingot below the
seed crystal, the method comprising the steps of:

providing a seed crystal having a tip end to be
brought into contact with the silicon melt, the tip
end having a sharp-pointed shape or a trunca-
tion thereof;

gently bringing the tip end of the seed crystal
into contact with the silicon melt and then low-
ering the seed crystal at a low speed in order
to melt the tip end portion of the seed crystal
until the thickness of the tip portion increases
o a desired value; and subsequently; and
pulling upwardly the seed crystal slowly in order
to grow a silicon monocrystalline ingot having
a desired diameter without performance of a
necking operation,

wherein a part of the crystal is mechanically
held during the growth of the silicon monocrys-
talline ingot.

2. A method of manufacturing a silicon monocrystal
accordingto Claim 1, characterized in that mechan-
ical holding of the part of the crystal is performed
though holding a tapered tip end portion of the seed
crystal having a sharp-pointed shape or a truncation
thereof.

3. A method of mechanically holding a part of a
monocrystal during growth of a silicon monocrystal
in accordance with the Czochralski method in which
a seed crystal is brought into contact with silicon
melt and is then slowly pulled while being rotated in
order to grow a silicon monocrystalline ingot below
the seed crystal, the holding method comprising the
steps of:
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10

providing a seed crystal having a tip end to be
brought into contact with the silicon melt, the tip
end having a sharp-pointed shape or a trunca-
tion thereof;

gently bringing the tip end of the seed crystal
into contact with the silicon melt and then low-
ering the seed crystal at a low speed in order
to melt the tip end portion of the seed crystal
until the thickness of the tip portion increases
to a desired value; and

subsequently, pulling upwardly the seed crystal
slowly in order to grow a silicon monocrystalline
ingot having a desired diameter,

wherein during the growth of the silicon monoc-
rystalline ingot, a tapered tip end portion of the
seed crystal having a sharp-pointed shape or a
truncation thereof is mechanically held.
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